INTRODUCTION
Argentina is the first pears exporter in the Southern Hemisphere and the fifth of apples worldwide. In 2012, 50 000 ha with artificially added irrigation produced 1 400 000 t of pears and apples, with 650 000 t being exported. The apples and pears productive areas in Neuquén province represent a 15 % of the 50 000 ha implanted with fruit, which corresponds to 34 % of the country's export earnings (Toranzo 2016) . In addition, horticultural activity is also important in our country. It is estimated that the annual vegetable production is approximately 8-10 million tons, being produced in an area from 450 000 to 500 000 ha (including legumes). The main destination of these products is the domestic market (92-93 %), while 7-8 % is exported. In 2011, the export volume of fresh vegetables and legumes was 831 000 t (Fernández-Lozano 2012) . In Neuquén province, intensive horticulture covers an area of 1746.5 ha. Approximately, the 80 % of vegetal production (mainly pumpkin or potato) is sold in the capital city, the rest being distributed to other areas in this and other provinces (Zanetta 2010) .
In Argentina, integrated pest management is critical to maintain production levels and quality standards. It combines several practices to control pests, being the chemical control the most used. The agrochemical market reflects the extended national use of agrochemicals, since sales increased from 2009 to date. Pesticide sales in Argentina are led by herbicides (64 %), insecticides (16 %) and fungicides (12 %) (CASAFE 2012) . The insecticide class that is used depends on the pest to be controlled and the crop type. In the North Patagonian region, the main pesticide families used are organophosphates (OP), carbamates (CAR) and neonicotinoids for pears and apples (Cichón et al. 2015) , while for horticulture production the first two predominate (Zanetta 2012) .
Pesticides use in agriculture may lead to surface and ground water contamination by drift, runoff and leaching. Contamination of surface water by pesticides in the North Patagonia was demonstrated by Loewy et al. (2011) . Contamination depends on the agricultural season, with the highest residue level found in spring and summer (Loewy et al. 2011) .
Groundwater is the largest freshwater reservoir in the world, accounting for over 97 % of all available fresh water in the planet, excluding glaciers and ice caps. The remaining 3 % is essentially surface water such as lakes, rivers, wetlands and soil moisture, indicating the importance of groundwater as a resource and the need of commitment to its protection. Groundwater represents the most important source of drinking water supply in many countries (UNES-CO 2004) . In Argentina, one of three individuals consumes groundwater (Calcagno et al. 2000 , Santagni et al. 2007 . Despite the importance of groundwater resource, pesticide pollution has not been extensively studied in Neuquén province.
The objective of this study was to evaluate the presence of pesticides in drinking groundwater in rural areas where chemicals are intensively applied, in order to provide information about water quality for human consumption.
MATERIALS AND METHODS

Site description
Neuquén province is located in the west of Argentina, at the northern end of Patagonia. The study area corresponded to rural areas of Senillosa, Plottier, Vista Alegre and Centenario cities. These are small cities surrounded by the Neuquén and Limay rivers (Fig. 1) . These cities are part of the "horticultural belt" that supplies the region with fresh fruits and vegetables. Here, producers have small and medium land surfaces with great crops diversity. Most products are marketed in the region, in supermarkets and in the Mercado Concentrador de Neuquén. The latter is the most important market regarding sales volumes and supplies with horticultural products, concentrating the offer from October-November to March-April (Zanetta 2012) . According to data obtained from Instituto Nacional de Estadísticas y Censo (INDEC) in the year 2001, Neuquén province had 474 155 inhabitants. Particularly, the department of Confluencia (the studied area) had 314 793 inhabitants, representing 66.4 % of the total population (INDEC 2010) . This area shows climatic characteristics such as low humidity, average annual precipitation below 250 mm, high sunshine and a prevailing west-east wind direction. These winds are stronger in spring and summer. The average temperature is 13.4 ºC, with great thermal amplitude.
Characterization of producers and agricultural practices
The study was performed in farms with areas from 2 to 25 ha, each of them producing more than three crops per season and receiving technical assistance from state organizations. Their production includes pome fruit (apples and pears), fine fruits (cherry, raspberry and strawberry) and vegetables (tomatoes, chard, lettuce, potatoes and onions). The pests to be controlled mainly include codling moth (Cydia pomonella), whitefly (Aleyrodidae), small insects (Thysanoptera, Aphididae), European red mite (Panonychus), and caterpillar (Rachiplusia). The chemical control is performed with OP, CAR and neonicotinoids. The pesticide most commonly applied is chlorpyrifos (information obtained through interviews).
Pesticide application usually occurs between October and March, with a frequency of up to eight times. Applications are performed with ground-based spraying equipment (pesticides are usually finely dispersed as droplets or particles at the time of pulverization). Even though the targets of pesticide application are pests on the plant, a substantial fraction of the active ingredient reaches the soil and surface water (Loewy et al. 2011) .
Sampling and pesticide analysis
Samples were collected in December 2014 and 2015, since the highest pesticide concentrations were reported in surface waters in these months (Loewy et al. 2011) , which correspond to the highest agrochemical application rate. The pesticides investigated were OP: azinphos-ethyl, azinphos-methyl (AM), chlorfenvinphos, chlorpyrifos (CPF), diazinon, dichlorvos, dimethoate, fenamiphos, fenitrothion, fenthion, malathion, methidathion, mevinphos, parathionethyl, parathion-methyl, phosmet, triazophos; and CAR: carbaryl, carbofuran, pirimicarb and propoxur.
Eleven groundwater samples (3-25 m deep) from different sites were collected in amber glass bottles (approx. 1000 mL), were refrigerated, transported to the laboratory and analyzed within 48 h. Water samples were extracted and analyzed for OP and CAR pesticides. Samples were first filtered and then extracted with solid phase extraction (SPE) using C18 columns (Strata Phenomenex), which were previously treated with methanol 6 mL followed by water 6 mL. Pesticides were eluted with hexane 2 mL, followed by dichloromethane 4 mL. These extracts were dried in a nitrogen stream and then dissolved in hexane, 0.25 mL according to the EPA 3535A modified method (EPA 1998). Internal standard, 25 µL (Sulfotep 1.085 mg/L) was added to samples and analyzed by gas chromatography (GC) using an Agilent 6890 GC equipped with an Agilent 7683 autosampler, split/splitless injector (250 ºC) and a nitrogen-phosphorus detector at 300 ºC. GC conditions were as follows: GC column, capillary column HP5 (30 m in length, 0.32 mm i.d., 0.25 μm film thickness). Nitrogen was used as a carrier gas at a flow rate of 2 mL/min. The column temperature was programmed from 70 to 240 ºC; injection volume: 2 μL. The OP pesticides detection (DL) and quantitation (LOQ) limits were 0.020 and 0.060 µg/L, respectively. 
Quality control
In all cases, Sulfotep was added to the final extracts as an internal standard. Overall, mean recoveries were between 75 and 110 % and coefficient of variation < 20 %. A blank was analyzed with each extraction set. Analytical grade chemicals (purity > 99 %) purchased from Chemservice (West Chester, PA), were used as reference standards.
RESULTS AND DISCUSSION
Data related to groundwater pesticide monitoring are generally scarce in many world regions. In Argentina, the high analysis cost and the seasonal spraying variation often preclude the gathering of representative and extensive data sets. In this country, monitoring has been performed in different intensive agricultural regions and the presence of agrochemicals in matrices such as fruits and vegetables, soil and water has been demonstrated (Hjorth et al. 2011 , Zanetta 2012 , Bonansea et al. 2013 , Miglioranza et al. 2013 , VillaamilLepori et al. 2013 . Particularly, in Neuquén province information regarding groundwater distribution and quality is very scarce and disjointed. Hydrogeological maps are not available and water resource quality monitoring is not carried out periodically (Calcagno et al. 2000) . In the Limay and Neuquén rivers basin, problems regarding water quality were mainly associated with agriculture and urban use (Calcagno et al. 2000) . Loewy et al. (2011) found residues of some of the studied pesticides in soil, surface water, and shallow groundwater compartments. The highest detection frequencies in water (surface and subsurface) were due to azinphos-methyl (AM) and CPF (> 70 %). In terms of concentration, the highest levels were observed in shallow groundwater for AM (22.5 μg/L) and carbaryl (45.7 μg/L). These results led us to search those compounds in drinking groundwater, since the background levels found in shallow groundwater justify the investigation of residues to greater depths where water is used as drinking supply.
In the current report, 11 sites were selected according to the water contamination potential risk by pesticide use. Residues of seventeen OP and four CAR were monitored in the groundwater samples collected from depth wells in rural areas. Table I shows groundwater samples location data and physicochemical properties. Measured pH values were between 6.63 and 7.10 and total dissolved solids (TSD), estimated from the conductivity data, were (Gustafson 1989 ) and the environmental and health guideline values (WHO 2011 , Health Canada 2017 . Pesticides monitored in this study were classified by WHO as extremely, highly or moderately hazardous (Ia, Ib and II, respectively), since they comprise neurotoxic compounds and endocrine disruptors capable of generating reproductive problems. Only malathion was classified by WHO as slightly hazardous. It has been reported that environmental pesticide exposure of rural residents occurs in this region (Cecchi et al. 2012 , Sánchez et al. 2014 , Rivero-Osimani et al. 2016 ; moreover, pesticide residues, especially CPF, have been found in soil, fruits and vegetables in the area (Zanetta 2012) . CPF was found both in crops where the use of the active ingredient is unregistered (lettuce, zucchini, eggplant, chard and beet) and in crops where it is registered (tomatoes, onions and peppers) (SENASA 2010) .
Groundwater pesticides contamination may come from percolation agricultural irrigation or surface water through soil layers. This phenomenon is governed by the physical and chemical characteristics of the compounds (solubility in water, their capacity to be retained by soil components and their degradation rate), the properties of the soil in which they are applied (Caracciolo et al. 2010 ) and other external factors, such as local rainfall and wind patterns or the topography of the area (Toan et al. 2013 ). The OP studied showed low-leaching indexes except for chlorfenvinphos and triazophos, which have an intermediate index value. On the other hand, within the CAR group, only propoxur possess a high leaching index; however, this is not so widely used in the studied region. Carbaryl, carbofuran and pirimicarb have intermediate index values. Nevertheless, the GUS index is based on the physical and chemical properties of the compounds, but disregards the environmental conditions, the field application rate, application timing and formulation (IUPAC 2018) .
Environmental conditions and agricultural practices are essential to assess environment pesticides mobility and distribution (Székács et al. 2015) .
In this sense, Menike et al. (2012) investigated the interrelationships between CPF concentrations in water resources, CPF application, and rainfall during the peak of the pesticide application period with a usual rainfall pattern in Sri Lanka. Despite their low GUS values, high performance liquid chromatography analyses revealed that average CPF concentrations in groundwater and surface water samples were 0.63 and 0.52 μg/L, respectively. In contrast to these results, all OP and CAR concentrations in this study were below the established limits, even below the DL and in accordance with the GUS values ( Table  II) . In other countries, pesticide residues were found in soil, air and water in several sites with various climatic and topographical features. For example, in Ghana CPF (0.01-0.04 mg/kg), profenofos (0.02-0.04 mg/kg) and pirimiphos-methyl (0.01-0.04 mg/ kg) residues were detected in soil samples, while OP residues recorded in the water samples were CPF, 0.01-0.05 µg/L; diazinon, 0.01-0.04 µg/L, and pirimiphos-methyl, 0.01-0.03 µg/L. The concentration of CPF and diazinon residues exceeded their respective values according to the WHO guidelines for drinking water (Fosu-Mensah et al. 2016) .
In another research, Pozo et al. (2016) analyzed air samples from sites located in agricultural areas in the Araucanía region, Chile. They found that CPF concentration in air ranged from 20-14 600 pg/m 3 . The highest CPF concentrations were detected at the Angol sites (~14 600 pg/m 3 ) during AugustDecember 2008. These values were higher than those detected in Villarica in the same period. They concluded that air masses from nearby agricultural zones may have contributed to the CPF levels detected in this period. Particularly, CPF detected values in Angol were higher at low wind speed. In the North Patagonia region, Loewy et al. (2006) observed an inverse correlation between AM concentrations in shallow groundwater and the time elapsed since the last pesticide application. Seasonal events such as rain and irrigation influenced the chemical concentration in groundwater; however, they did not obtain a correlation between soil characteristics and the AM concentration. They concluded that the soil attenuation capacity was not enough to prevent the presence of AM in the aquifer during the application season.
The present study was developed at the same region where topsoil has medium to thick textures, with low contents of organic matter (0.5-1.5 %) and pH values between 6.8 and 8.2. Nevertheless, OP (including AM) and CAR concentrations in groundwater were below the DLs (Table II) . These results could be explained by a longer migration time and a greater soil attenuation capacity, which could allow pesticides degradation before reaching deeper groundwater sources (Table I ). An interesting fact to highlight is that AM application in Argentina was definitely banned in 2017 (SENASA 2016) .
Routine monitoring is essential to detect pollution sources at early stages and represents a critical element of pesticide management plans. It is a useful tool which provides the information needed to make decisions and to regulate pesticide application schemes in order to protect drinking water sources. Although the investigated pesticides did not exceed the limits of drinking-water criteria, this study may not provide a complete assessment of the overall health and environmental risks associated to the presence of pesticides in groundwater. In this sense, pesticide compounds that were not examined in this study could be present in groundwater and could also represent potential health risks.
CONCLUSION
Pesticide residues monitoring is an important tool to know the groundwater quality and to prevent and control possible environmental pollution in the study area. Argentina should develop a groundwater monitoring network by regions and gather information in order to generate regulatory frameworks and to protect human and environmental health. It is also important to include monitoring of other matrices such as soil, fruit, air and surface water to get a broad perspective of the local situation in relation to pesticide pollution.
The present work demonstrates that although shallow groundwater is susceptible to be contaminated by pesticide residues, deeper groundwater is still protected against pesticide contamination beyond the studied conditions. This work also sets a precedent in the Northern Patagonia, by determining the groundwater quality for human consumption in an area of intensive agricultural production.
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